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It may be disquieting to consider that "Newton's theory is wrong," since one could certainly point to a long history of confirming experimental evidence in support of NewtonJan mechanics. Nevertheless, Newtonian mechanics is not exact, and one needs to carefully consider whether it is correct to use it in any given application, particularly in problems involving very small (or very fast-moving) objects.
Similarly, one could certainly point out the long history of experimental confirmation of linear acoustics, and could cite successful measurements of the Doppler effect. Nevertheless, since the linear wave equation is not exact, one needs to carefully consider whether this equation is appropriate to use in solving acoustical problems of interest, particularly in problems that involve the presence of two primary waves which can interact nonlinearly to produce sum-and-difference frequency waves.
We have solved scattering problems for several different geometries using both Censor's theory and the nonlinear theory? '? In the cases we considered, the contributions to the sum-and-difference frequency components predicted by the nonlinear theory overwhelm those predicted by Censor's theory within a fraction of a wavelength of the scatterer's surface. However, after further consideration of the matter, we would like to modify somewhat our position regarding the validity of Censor's theory. We have previously stated 2'3'5'7 that there is no meaningful regime of experimental parameters in which the effects caused by the Doppler mechanism used in Censor's theory can dominate those caused by nonlinearities. However, the Doppler effects predicted by Censor's theory can be dominant in one case: This is the case in which the scatterer is driven to produce a wavelength that is very much larger than the characteristic geometrical dimensions of the scatterer. lø The Doppler mechanism can dominate here because in this case the amplitude of the radiated signal associated with the oscillation of the scatterer's surface is very small and therefore the situation is very un. favorable to the nonlinear parametric generation of sumand-difference frequency waves. 11 On the other hand, if the experiment reported in Ref. 10 were repeated using an angular frequency 1• for the oscillation of the scatterer's surface that had an associated wavelength comparable to or less than the dimensions of the scatterer, nonlinear theory would be required to interpret the experimental measurements so obtained.
Returning to our electron-beam analogy, one can neglect quantum mechanical effects, even for the problem considered in the analogy, provided that the electrons' de Bfoglie wavelength is much smaller than the aperture dimensions. In the scattering situations considered by Censor, one can neglect nonlinear effects provided that the characteristic length I of the geometry of the scatterer is much smaller than 2•rc/l•, where c is the sound speed. Only in this limited regime can the Doppler effects predicted by Censor's theory be made to dominate those produced by nonlinear mechanisms.
•øM. Cox and P. H. Rogers, "Automated noninvasive motion measurement of auditory organs in fish using ultrasound," J. Vib., Acoust. Stress Reliability Design 109, 55-59 (1987).
•Our previous articles only considered the case in which the scatterer's surface is caused to oscillate by actively driving the scatterer as a source. The approach taken in Ref. 10 to enhance the low-frequency amplitude is to immerse the scatterer in a low-frequency sound field generated by a source external to the scatterer. This approach can significantly enhance the low-frequency amplitude of oscillation as compared with the amplitude obtainable by directly driving the scatterer as a source.
